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POC输出通量分别为-834 mmol C/m2/a和 -44 mmol C/m2/a，用B法计算获得
的POC输出通量则分别为-1097 mmol C/m2/a 和 -33 mmol C/m2/a，低于第一
次采样时的945 mmol C/m2/a 和 651 mmol C/m2/a（E法）, 以及1848 mmol 
C/m
2






































































Chinese National Arctic Research Expedition (CHINARE-4, July 1~September 28, 
2010, and CHINARE-5 ), respectively. In 2010，the average residence time of 
particulate 
210
Po were in the range of -14.92 a~1.52 a, which is higher than that of 
dissolved 
210
Po, -7.17 a~-0.70 a. Distinctive dissolved 
210
Po excesses were observed 




Pb)A.R. of 1.91±0.20. The average POC export 
fluxes from the euphotic zone were calculated according to two different hypotheses 
(E method and B method) with irreversible scavenging model, and represented a 
decreasing trend from low latitude to high latitude. The repeated sampling stations 
demonstrated negative POC fluxes,-834 mmol C/m
2
/a and -44 mmol C/m
2
/a in E 
method, -1097 mmol C/m
2
/a and -33 mmol C/m
2
/a in B method, is much lower than 
that of first sampling time, 945 mmol C/m
2
/a and 651 mmol C/m
2
/a in E method, 
1848 mmol C/m
2
/a and 1051 mmol C/m
2
/a in B method, which meant that the 
capacity of CO2 absorption after ice melting declined inlate summer，or POC input via 
lateral transport of particulate matter from nearby waters. The POC export fluxes 
showed an decreasing trendtoward higher latitude, meant the higher biological pump 
in the Chukchi sea than that in the Canada Basin.  
During the CHINARE-5 period, the residence time of particulate 
234
Th were 
from -358 d to 1956 d, higher than that of dissolved 
234
Th -5.54 d~400 d. The 
highest value of POC flux 100.49 mmol/m
2
/d appeared at station SR03, and the 
lowest value 0.17 mmol/m
2





U method also represented a decreasing trend from low 
latitude to high latitude, and the average value of POC export fluxes in R1~R5, 
51.12 mmol/m
2
/d (E method) and 47.32 mmol/m
2
/d (B method), were high than 
that of SR01~SR05, 29.52 mmol/m
2
/d (E method) and 43.19 mmol/m
2
/d (B 
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The above results show that high biological pump exist in the Arctic Ocean 
during the summer season, although there was a decreasing trend in the late 
summer and during the past two decades. The Arctic Ocean is a potential CO2 
sink in future and also the capability of Canada basin is higher than other area due 
to the longer ice cover time at present. 




Pb disequilibrium；234Th/238U disequilibrium；Particulate 

















符号 名称 单位 
CHINARE 中国南（北）极科学考察  
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τ 滞留时间 d(a) 
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FPOC-Pb 基于
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土地使用不当，大气 CO2 浓度已从 1850 年的（285±5）ppm 增加到 2014 年的
（400±5）ppm，增长了约 40%，且仍保持着约 0.5%的年增长速度。1880~2012，
全球平均气温也从 1880 年到 2012 年间增加了约 0.85℃， 这也导致非洲最高峰
乞力马扎罗山的冰盖在过去 80 多年里消失了 82%，第二高峰肯尼亚山的冰盖消
失了 92%，因此，20 世纪是过去一千年来最暖的世纪。一般认为，由 CO2等温
室气体产生的温室效应是全球变暖（Global Warming）的主要原因（Solomon et al., 
2007; Petit et al., 1999; NOAA, 2012; Noone et al., 2013; IPCC Report, 2014），专家
更预测这个百年全球平均气温还将上升 1～3.5℃，这已引发了一系列气候、生态
问题，直接威胁人类社会与经济的可持续发展。可以看出，有关碳的研究已成为
国际关注的热点问题（高众勇, 等, 2002; 陈立奇, 2002, 2003ab, 2004; Tatsuo et al. 





















   （a）                            （b） 
图 1-1 北冰洋海冰年平均覆盖情况（a.1980 年；b.2008 年）（Cai et al., 2010） 
Fig.1-1 Annual Sea Ice Cover of The Arctic Ocean in 1980（a） and 2008（b）
（Cai et al., 2010） 
海洋是地球上最大的碳库，由人类活动产生进入大气的 CO2 中约有 25~35%
被海洋吸收（Arrigo et al., 2008; 马豪, 2009; 余雯, 2010），目前，全球海洋中碳





北冰洋被广泛认为是地球上对气候变化最敏感的区域（Solomon et al., 2007），
也被认为是一个潜在的 CO2汇区（Anderson et al., 1998, 陈立奇, 2002, 2003a,b, 
2004; Bates et al., 2005; Yamamoto et al., 2009; Gao et al., 2012），虽然北冰洋的面
积仅占世界海洋的 3%，而且大部分还被海冰覆盖，但它被认为具有吸收大气 CO2
的潜力却占到全球海洋吸收量的 5~14%（Bates et al., 2009）。近几十年来，随着
全球气候的变暖，北冰洋海冰融化的速度逐渐增加（Amiel et al., 2002; Comiso et 
al., 2008, Arrigo et al., 2008; Wang et al., 2014; Archer, 2010），开阔水域的面积也随
之增加，将直接导致更多的大气 CO2进入海洋（Bates et al., 2009; Archer, 2010）。
虽然这一方面有利于减缓大气中 CO2 的增加所引发的全球变暖，但同时也会让
海洋 CO2 增加而引发生物地球化学行为发生明显改变，进而会威胁到整个海洋
生态系统的安全（Steinacher et al., 2009; Yamamoto et al., 2009; Roemmich et al., 
2012; Cazenave and Llovel, 2010; Nicholls and Cazenave, 2010; Sigman et al., 2010; 
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